1. Introduction {#sec1-ijerph-17-00400}
===============

Autism spectrum disorders (ASD) belong to the group of pervasive developmental disorders of childhood. Clinical characteristics include: (1) deficits in social interaction; (2) impaired ability to communicate; and (3) behavior marked by stereotypies and narrow repertoire of activity \[[@B1-ijerph-17-00400],[@B2-ijerph-17-00400]\]. The triad of symptoms manifests itself in early childhood, usually before 36 months of age (infantile autism) and continues throughout life \[[@B1-ijerph-17-00400],[@B3-ijerph-17-00400]\]. According to the fifth Diagnostic and Statistical Manual of psychiatric disorders (DSM-V) released in 2013 by the American Association of Psychiatrists, culminating a 14-year revision process, all prior diagnosis of autism, unspecific comprehensive development disorder, Asperger's syndrome, and childhood disintegrative disorders are now collectively referred to ASD \[[@B4-ijerph-17-00400]\]. According to the Center for Disease Control and Prevention (CDC), one in 59 children is estimated to have autism. In Poland, the prevalence of ASD in children aged 0--16 years varies between two regions of Poland---32/10,000 in West Pomeranian and 38/10,000 in Pomeranian region \[[@B5-ijerph-17-00400]\]. ASD is accompanied by mental retardation in three out of four patients, and boys are four times more likely than girls to receive the diagnosis \[[@B6-ijerph-17-00400]\]. The underlying etiology involves the interaction of multiple genetic and environmental factors \[[@B7-ijerph-17-00400]\].

Somatic and psychological comorbidities in ASD are common, explaining the complexity of the disorder etiology \[[@B7-ijerph-17-00400]\]. One of the most abundant are sleep problems affecting as much as 80% of autistic individuals \[[@B8-ijerph-17-00400]\]. The alterations include insomnia manifested by parasomnia, breathing disorders, bedtime resistance, long sleep latency, and daytime somnolence and irritability \[[@B9-ijerph-17-00400]\]. As sleep was proved to be essential for human nervous system functioning, especially during childhood when brain growth takes place intensively \[[@B10-ijerph-17-00400]\], sleep disorders in early life negatively correspond to physical and mental health. They affect behavior and social identification and cause irritability, mood swings, aggression, and globally motional distresses \[[@B11-ijerph-17-00400]\]. In fact, the direct association between sleep problems and autistic behavior was proved \[[@B12-ijerph-17-00400]\]. Moreover, sleep fragmentation increases the risk for long-term adverse outcomes, especially of cardiovascular, neurological, and cognitive nature. Metabolic and endocrine impairments being predominantly correlated to respiratory-related sleep disorders are potential comorbidities \[[@B13-ijerph-17-00400]\].

The genetic background of sleep difficulties include polymorphism within biological clock genes controlling circadian rhythm and melatonin synthesis and secretion \[[@B14-ijerph-17-00400],[@B15-ijerph-17-00400],[@B16-ijerph-17-00400],[@B17-ijerph-17-00400]\], predominantly. On the other hand, there is evidence about the essential impact of iron on cognitive thus behavioral development \[[@B18-ijerph-17-00400],[@B19-ijerph-17-00400]\]. Indeed, iron is critical for a myelinogenesis and is a component of enzymes involved in synthesis and modes of action of monoamine neurotransmitters, namely tryptophan hydroxylase (serotonin) and tyrosine hydroxylase (noradrenalin and dopamine) \[[@B20-ijerph-17-00400]\]. In vivo studies proved that lack of iron is associated with a decrease in extracellular concentrations of dopamine and reduction of the density of the dopamine receptors and transporters in the brain \[[@B21-ijerph-17-00400]\]. Moreover, it was shown that the human sleep--wake cycle is at least partly controlled by the dopamine-opiate system \[[@B22-ijerph-17-00400]\]. Both in vitro and in vivo models of iron insufficiency suggested that iron and dopamine may be crucial for sleep disorders \[[@B23-ijerph-17-00400],[@B24-ijerph-17-00400]\]. These all make iron and genes involved in this trace element metabolism as targets in genetic analyses of comorbidities associated with autistic behavior. It seems even more obvious, as it was proved, that low serum ferritin level \[[@B25-ijerph-17-00400]\] and reduced iron concentration in the cerebrospinal fluid and brain may significantly delay the time to fall asleep and they are associated with the severity of the restless legs syndrome \[[@B26-ijerph-17-00400],[@B27-ijerph-17-00400]\]. Other researchers have confirmed that sleep disorders in patients with ASD, i.e., long sleep latency, multiple awakenings during night, and increased muscle activity during rapid eye movement (REM) phase, are alleviated during iron supplementation \[[@B28-ijerph-17-00400]\]. These confirm the existence of a relationship between the normal concentration of this element and uninterrupted sleep architecture and make iron metabolism genes of particular interest.

There are several proteins involved in iron metabolism \[[@B29-ijerph-17-00400]\]. Genome Wide Association Studies (GWAS) studies have identified polymorphisms of a few genes significantly related to plasma iron levels \[[@B30-ijerph-17-00400]\], among them polymorphisms of genes coding for transferrin and its receptor involved in iron transport. Their expression is associated with the regulation of hepcidin involved in the processes of intestinal iron absorption or release of this element by macrophages \[[@B29-ijerph-17-00400],[@B30-ijerph-17-00400]\]. Considering the information provided about the potential association of iron with sleep patterns, the aim of our study was to establish the frequency of iron metabolism genes polymorphisms and investigate the relationship between genetic variants of the examined genes with sleep pattern disruptions in the Polish persons with ASD.

2. Materials and Methods {#sec2-ijerph-17-00400}
========================

2.1. Study Area {#sec2dot1-ijerph-17-00400}
---------------

Our study group consisted of 61 Caucasian individuals with ASD, aged 8.26 ± 4.47 years, with male predominance (*n =* 48, 78.68%). A clinical diagnosis of ASD was confirmed by ICD-10 criteria using Autism Diagnostic Observation Schedule-Generic (ADOS, polish version) \[[@B31-ijerph-17-00400]\], by a child psychiatrist. Parents of the children were interviewed and a free and guided observation of the child was organized by a doctor. These were supplemented with questionnaires for evaluating sensomotor development. Whole ICD-10 F84 category except Rett syndrome was included. To assess whether there are any differences in particular SNPs prevalence in comparison to neurotypical population, we enrolled a control group of otherwise healthy individuals (without the diagnosis of ASD; *n =* 57, age 8.31 ± 3.82 years). Parents of all persons from the study and control groups were familiarized with the aims and course of the survey and gave written informed consent for their children to participate in the project. The study protocol was positively evaluated by the Ethics Committee of Pomeranian Medical University, Szczecin, Poland (approval No. KB-0012/81/15).

2.2. Genotyping {#sec2dot2-ijerph-17-00400}
---------------

Genotypes were determined by real-time PCR using the Light Cycler^®^ 96 System (Roche Diagnostics, Pleasanton, CA, USA) and TaqMan SNP Genotyping Assays (Life Technologies, Foster City, CA, USA). The identification of the following polymorphisms was carried out: rs10421768 of hepcidin gene (*HAMP*), rs7385804 of transferrin receptor gene (*TFR*2), and rs3811647 and rs1049296 of transferrin gene (*TF*). The assay IDs were C\_\_\_2604942_10, C\_\_\_2184545_10, C\_\_27492858_10, and C\_\_\_7505275_10, respectively. The data were analyzed using Light Cycler software v. 1.0.1 (Roche Diagnostics, Pleasanton, CA, USA). All mutant samples were verified.

2.3. Sleep Difficulties {#sec2dot3-ijerph-17-00400}
-----------------------

The Athens Insomnia Scale (AIS) was used to identify sleep pattern disruptions. The following quality of sleep determinants were evaluated: difficulties falling asleep, night and early morning awakenings, total sleep time, and well-being during the next day. The survey was parent-administered. The AIS scale ranges from 0 to 3, where "0" stands for no problems of particular sleep behavior, while "3" means that the particular sleep behavior is very disturbed. The parents of autistic individuals were to assign to each of the questions contained in the questionnaire an appropriate score their children experienced at least three times a week during the last month. In original validation studies, it was demonstrated that AIS represents high reliability and validity, and a total score of 6 or more points indicates high probability of insomnia (sensitivity of 93% and specificity of 85%) \[[@B32-ijerph-17-00400]\]. The sleep quality was finally evaluated from the cumulative score of all factors and reported as an individual's sleep outcome.

2.4. Statistical Methods {#sec2dot4-ijerph-17-00400}
------------------------

The distribution of continuous variables was verified by the Kolmogorov--Smirnov test (K--S test). The genotype and allele frequencies of investigated SNPs were determined by direct counting. Deviations from Hardy--Weinberg equilibrium (HWE) were assessed with a chi-square (χ^2^) test or an exact test from R package "Hardy Weinberg" v. 1.6.2. (<https://cran.r-project.org/web/packages/HardyWeinberg/index.html>). Overall differences in genotype distributions between ASD and non-ASD individuals, as well as between ASD cases with and without insomnia, were evaluated using χ^2^ test. For the statistical analysis of the genotypes (under co-dominant, dominant, recessive, and over-dominant genetic models) and alleles association with ASD and insomnia susceptibility, the Fisher's exact test was applied. The abovementioned statistical analyses were performed with GraphPad Prism v. 8.02 (GraphPad Software Inc., San Diego, CA, USA). A value of *p* \< 0.05 was considered statistically significant.

3. Results {#sec3-ijerph-17-00400}
==========

3.1. The Prevalence of Insomnia {#sec3dot1-ijerph-17-00400}
-------------------------------

As proposed by Soldatos et al. \[[@B33-ijerph-17-00400]\], a six-point cut off in AIS was established to be associated with insomnia. Using this criterion, we identified *n =* 32 (57.14%) ASD cases with insomnia within group of *n =* 56 screened individuals from original ASD group. In our study group, the mean number of points obtained in AIS scale was 6.09 ± 3.69 points. We found no differences between delivery mode (*p* \> 0.05), breastfeeding (*p* \> 0.05), and artificial ventilation (*p* = 0.05) and sleep quality. In the next part of the present study, the ASD group was divided into two groups as cases with no sleep problems (Non-Insomnia), and cases with insomnia (Athens Insomnia Scale ≥ 6).

3.2. The Frequency of Iron Metabolism Genes Polymorphisms {#sec3dot2-ijerph-17-00400}
---------------------------------------------------------

We successfully genotyped all available samples and obtained 100% concordance between the genotyped duplicate samples for all analyzed polymorphisms. All investigated SNPs were in HWE in all analyzed groups. The genotype and allele distributions of *TF* rs1049296 C\>T, *TF* rs3811647 G\>A, *TFR* rs7385804 A\>C, and *HAMP* rs10421768 A\>G are presented in [Table 1](#ijerph-17-00400-t001){ref-type="table"}. There were no homozygous carriers of the *TF* rs1049296 C\>T minor allele in the ASD group; hence, for this SNP, the analysis of differences in the overall distribution of genotypes between ASD and non-ASD individuals as well as between ASD cases with and without insomnia was not feasible. Statistical analyses revealed no significant differences in the overall distribution of genotypes between ASD and non-ASD individuals for three remaining SNPs. Similarly, there were no such differences between ASD cases with and without insomnia. We also found no significant association of all four investigated SNPs with ASD and insomnia at the allele level. In the next step of our analysis, we investigated whether insomnia may be linked to polymorphisms of iron metabolism genes regarding different models of inheritance. We found no such association, as presented in [Table 2](#ijerph-17-00400-t002){ref-type="table"}. Due to absence of homozygous carriers of the *TF* rs1049296: T allele in the group of ASD cases with and without insomnia, the analyses of recessive and co-dominant T/T vs. C/C models were not feasible.

4. Discussion {#sec4-ijerph-17-00400}
=============

Sleep plays a vital role for every human being, affecting one's health, well-being, and functioning during the day. It was proved that autonomic nervous system paths are altered during poor sleep patterns, thus introducing an imbalanced psychological condition \[[@B34-ijerph-17-00400]\]. Individuals with ASD often experience sleep disorders \[[@B35-ijerph-17-00400]\]. Insomnia in autistic children and adolescents is challenging to their families and has been associated with increased maternal distress and parental sleep disruption as well as poor caregiver's quality of life \[[@B35-ijerph-17-00400]\].

In this study, the prevalence of insomnia in ASD cases was 57.14% (*n =* 32). The quality of sleep was finally evaluated from the cumulative score of all factors included in AIS scale and reported as insomnia where the total number of points was at least six. Similar results were provided by other researchers who conducted studies in ASD population, predominantly based on parental reports. Souders et al. \[[@B36-ijerph-17-00400]\] analyzed ASD children aged 4--10 years old and identified almost 70% prevalence of sleep problems. According to study by Krakowiak \[[@B37-ijerph-17-00400]\], nearly 50% of children with ASD, aged 2--5 years old, experienced at least one sleep problem. The recent report demonstrated that the prevalence of insomnia in ASD varies between 50% and 80% \[[@B38-ijerph-17-00400]\]. It was demonstrated that sleep disorders trigger the severity of core behavioral ASD symptoms \[[@B39-ijerph-17-00400]\]. It was shown that children with ASD suffering from sleep problems had greater difficulty in relationships with peers, group membership, and daily functioning \[[@B40-ijerph-17-00400]\]. Other studies stated that sleep disturbances caused difficulty with concentration and learning, and resulted in increased excitability and reactivity \[[@B14-ijerph-17-00400]\].

Insomnia and iron deficiency are widespread problems. According to the World Health Organization (WHO), iron deficiency is the most prevalent nutritional deficiency in industrialized countries, and was reported to be the most widespread problem in the world today \[[@B40-ijerph-17-00400],[@B41-ijerph-17-00400]\]. Iron is essential to early neurodevelopment and contributes to neurotransmitter production, myelination, and immune functions and has an important role in cognitive behavioral and motor development \[[@B6-ijerph-17-00400],[@B42-ijerph-17-00400]\]. Iron status is critical for early neurodevelopmental processes that are dysregulated in ASD \[[@B43-ijerph-17-00400]\]. It contributes to main biological processes, including: protein expression, oxygen transport, and cell growth. Excessive brain iron deposition plays the most important role in development of brain function disorders and cognitive impairment \[[@B44-ijerph-17-00400]\].

As ferritin and iron levels are elevated after iron supplementation, malabsorption is unlikely \[[@B28-ijerph-17-00400]\] It was suggested that dietary iron intake in preschool children was two times more inadequate than school-aged children \[[@B45-ijerph-17-00400]\]. Thus, it can be speculated that younger children with ASD may be more selective in nutrition and therefore iron deficiency is more common in this age group. Thus, we hypothesized that iron dietary intake deficiency might contribute to the symptoms of ASD and iron deficient children may have more severe manifestations \[[@B46-ijerph-17-00400]\].

We examined iron metabolism gene polymorphisms prevalence, namely *TF* rs1049296, *TF* rs3811647, *TFR* rs7385804, and *HAMP* rs10421768, in Polish persons with ASD to investigate their possible role in sleep pattern disruptions. From an epidemiological point of view, it has been shown that no significant differences were found in genotype and allele frequencies between study group and control group for all polymorphisms studied regarding ASD and insomnia incidence ([Table 1](#ijerph-17-00400-t001){ref-type="table"} and [Table 2](#ijerph-17-00400-t002){ref-type="table"}). While the link between ASD and insomnia has been extensively addressed in the literature, the relationship between prevalence of *TF* rs1049296, *TF* rs3811647, *TFR* rs7385804, and *HAMP* rs10421768 and sleep deprivation is still elusive.

The abovementioned genetic variants were found to be associated with skewed protein expression thus iron load, and as discussed above regarding sleep architecture. For instance, Silva et al. \[[@B47-ijerph-17-00400]\] reported that *HAMP* nc.-582A\>G polymorphism (rs10421768) predisposed beta-thalassemia patients to elevated serum ferritin levels. Similarly, Bruno et al. \[[@B48-ijerph-17-00400]\] reported that the expression of hepcidin may be lowered in persons carrying rs10421768 variant. Indeed, in vitro studies proved that the variant located within E-box may impair transcription factor binding \[[@B49-ijerph-17-00400]\]. In addition, Liang et al. \[[@B50-ijerph-17-00400]\] hypothesized that the human *HAMP* -582 A\>G polymorphism affects hepcidin transcription in macrophages and reported that the G allele of rs10421768 might lead to lower hepcidin production. As far as other polymorphisms are concerned, some GWAS studies confirmed the association between analyzed SNPs and iron level, thus sleep pattern. Tyrac et al. \[[@B51-ijerph-17-00400]\] reported that *TF* rs3811647 is significantly associated with TF concentrations in Europeans. Benyamin et al. \[[@B52-ijerph-17-00400]\] showed that *TFR*2 rs7385804 is significantly associated with serum iron concentrations in European ancestry. Moreover, McLaren et al. \[[@B53-ijerph-17-00400]\] described that *TF* rs3811647 is significantly associated with iron deficiency in American populations. In addition, there is a body of evidence that links few variants within iron metabolism genes with neuropsychiatric diseases. For instance, Wang et al. \[[@B54-ijerph-17-00400]\] found that *TF* gene rs1049296 may play a role in Alzheimer's disease pathogenesis with *TF* C2 as a risk factor. In addition, a study by Greco et al. \[[@B55-ijerph-17-00400]\] suggested that the G258S polymorphism within *TF* might be considered a susceptibility factor for Parkinson's disease.

It must be emphasized that iron deficiency is predominantly of environmental origin in individuals with ASD and sensory modulation disorders. Sensory processing alterations, especially of tactile nature \[[@B56-ijerph-17-00400]\], make children refuse taking certain foods, which in combination with behavioral disorders significantly limits repertoire of feeding a child \[[@B57-ijerph-17-00400]\]. Consequently, autistic children may be at risk for low iron concentration associated with poor intake of this element \[[@B6-ijerph-17-00400]\]. Herndon \[[@B58-ijerph-17-00400]\] and others authors \[[@B42-ijerph-17-00400],[@B43-ijerph-17-00400]\] reported that nearly half of children with ASD had inadequate dietary iron intake. Children with autism often have very restricted food preferences due to smell, taste, texture, or other characteristics of the foods, thus high prevalence of iron deficiency has been reported \[[@B6-ijerph-17-00400]\]. Xia et al. \[[@B59-ijerph-17-00400]\] found that intake of iron increased with age in 2--9-year-old children with autism. Some studies reported that inadequate dietary iron intake was considered as a cause of iron deficiency, and low iron intake was thought to be associated with food selectivity, which is commonly seen in children with ASD, Tourette's syndrome (TS), attention deficit hyperactivity disorder (ADHD), and restless legs syndrome (RLS) \[[@B6-ijerph-17-00400]\].

Genetic background of iron homeostasis does exist but in light of the available data plays a minor role in iron homeostasis \[[@B52-ijerph-17-00400],[@B60-ijerph-17-00400]\]. Our study was limited to only molecular analysis, but, to the best of our knowledge, is the only one exploring this issue in ASD individuals. The prevalence of *TF* rs3811647 G\>A, *TFR* rs7385804 A\>C, and *HAMP*rs10421768 A\>G in the persons we analyzed is similar to that evaluated for Europeans previously \[[@B61-ijerph-17-00400]\]. According to a database of 1000 genomes \[[@B61-ijerph-17-00400]\], the homozygous prevalence for minor allele within *TF* rs1049296 C\>T is about 10--15%. In our study, no homozygotes of C2 variant for rs1049296 SNP in the transferrin gene were identified, which might have influenced the results. Indeed, in multiple sclerosis patients, the frequency of this variant was higher when compared to healthy controls but not associated with brain iron level \[[@B62-ijerph-17-00400]\]. On the other hand, both positive and negative associations between this SNP and Alzheimer's disease were found, stating that the statistical power of genetic analyses in neuropsychiatric studies evaluating iron metabolism genes is below the acceptance border. This was also confirmed in our study, predominantly due to low number of participants who entered the study. This is critical for genetic analyses, thus more studies are warranted to verify the results we obtained.

There is also a need to conduct research focusing on relationship of studied polymorphisms and hematological parameters such as: serum iron, hemoglobin, transferring, and total iron blood capacity (TIBC). In our study, we could not analyze these parameters as very few parents gave their consent to collect venous blood from their children. The would definitely bolster the results between iron metabolism and sleep pattern. ASD pathogenesis seems to be of multigenetic background, thus iron homeostasis might be regulated via, e.g., epistatic interaction, as recently demonstrated for the discussed phenotype \[[@B63-ijerph-17-00400]\] and iron homeostasis \[[@B64-ijerph-17-00400]\]. Likewise, other SNPs with linkage disequilibrium with analyzed variants in *TF*, *TFR,* and *HAM*P genes could be risk factors for iron deficiency in ASD; however, to the best of our knowledge, such analyses have not been conducted so far. In conclusion, hematological parameters analysis could simply elucidate the link among both genes, iron load, and sleep pattern.

Overall, iron is critical for proper neurodevelopment and sleep architecture, thus polymorphism within iron metabolism genes may be linked to these phenotypes. However, in our study, we did not find such a relationship.

5. Conclusions {#sec5-ijerph-17-00400}
==============

The relationship between prevalence of *TF* rs1049296 C\>T, *TF* rs3811647 G\>A, *TFR* rs7385804 A\>C, and *HAMP* rs10421768 A\>G and sleep deprivation is still elusive. Iron deficiency in individuals with ASD may be due to restricted diets and food selectivity, putting them at risk for nutritional deficiencies and high prevalence of iron deficiency thus sleep disorders.
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###### 

Genotype and allele distributions of the *TF, TFR* and *HAMP* SNPs in individuals with ASD, without ASD, with ASD and insomnia and with ASD without insomnia.

  Polymorphism             ASD (*n* = 61)   Non-ASD (*n* = 57)   *p (*1)   χ^2^ (df)   *p (*2)   OR (95% CI)   ASD + Insomnia (*n* = 32)   ASD + Non-Insomnia (*n* = 24)   *p (*1)        χ^2^ (df)   *p (*2)   OR (95% CI)                                                 
  ------------------------ ---------------- -------------------- --------- ----------- --------- ------------- --------------------------- ------------------------------- -------------- ----------- --------- ------------- --------- ------------ ---- ---------- ------ --------------
  *TF* rs1049296 C\>T                                                                                                                                                                                                                                                       
  Genotype, *n*(%)                                                                                                                                                                                                                                                          
  T/T                      0                (0.00)               1         (1.75)                                                                                                         0           (0.00)    0             (0.00)                                        
  C/T                      20               (32.79)              13        (22.81)     NA        NA            --                          --                              10             (31.25)     8         (33.33)       NA        NA           --   --                
  C/C                      41               (67.21)              43        (75.44)                                                                                                        22          (68.75)   16            (66.67)                                       
  Allele, *n* (%)                                                                                                                                                                                                                                                           
  T                        20               (16.39)              15        (13.16)     --        --            0.5832                      1.29                            (0.61--2.69)   10          (15.62)   8             (16.67)   --           --   \>0.9999   0.93   (0.36--2.63)
  C                        102              (83.61)              99        (86.84)     --        --            --                          1.00                            54             (84.38)     40        (83.33)       --        --           --   1.00              
  *TF* rs3811647 G\>A                                                                                                                                                                                                                                                       
  Genotype, *n* (%)                                                                                                                                                                                                                                                         
  A/A                      5                (8.20)               6         (10.53)                                                                                                        3           (9.37)    2             (8.33)                                        
  G/A                      34               (55.74)              26        (45.61)     0.5447    1.2150 (2)    --                          --                              17             (53.13)     14        (58.34)       0.9275    0.1505 (2)   --   --                
  G/G                      22               (36.06)              25        (43.86)                                                                                                        12          (37.50)   8             (33.33)                                       
  Allele, *n* (%)                                                                                                                                                                                                                                                           
  A                        44               (36.07)              38        (33.33)     --        --            0.6834                      1.13                            (0.67--1.92)   23          (35.94)   18            (37.50)   --           --   \>0.9999   0.94   (0.43--2.09)
  G                        78               (63.93)              76        (66.67)     --        --            --                          1.00                            41             (64.06)     30        (62.50)       --        --           --   1.00              
  *TFR* rs7385804 A\>C                                                                                                                                                                                                                                                      
  Genotype, *n* (%)                                                                                                                                                                                                                                                         
  C/C                      10               (16.39)              16        (28.07)                                                                                                        7           (21.87)   3             (12.50)                                       
  A/C                      29               (47.54)              25        (43.86)     0.2871    2.4960 (2)    --                          --                              13             (40.63)     12        (50.00)       0.6234    0.9450 (2)   --   --                
  A/A                      22               (36.07)              16        (28.07)                                                                                                        12          (37.50)   9             (37.50)                                       
  Allele, *n* (%)                                                                                                                                                                                                                                                           
  C                        49               (40.16)              57        (50.00)     --        --            0.1502                      0.67                            (0.40--1.12)   27          (42.19)   18            (37.50)   --           --   0.6983     1.22   (0.57--2.68)
  A                        73               (59.84)              57        (50.00)     --        --            --                          1.00                            37             (57.81)     30        (62.50)       --        --           --   1.00              
  *HAMP* rs10421768 A\>G                                                                                                                                                                                                                                                    
  Genotype, *n* (%)                                                                                                                                                                                                                                                         
  G/G                      4                (6.56)               1         (1.75)                                                                                                         3           (9.37)    1             (4.17)                                        
  A/G                      23               (37.70)              17        (29.82)     0.2334    2.9100 (2)    --                          --                              10             (31.25)     8         (33.33)       0.7553    0.5614 (2)   --   --                
  A/A                      34               (55.74)              39        (68.43)                                                                                                        19          (59.38)   15            (62.50)                                       
  Allele, *n* (%)                                                                                                                                                                                                                                                           
  G                        31               (25.41)              19        (16.67)     --        --            0.1126                      1.70                            (0.92--3.18)   16          (25.00)   10            (20.83)   --           --   0.6567     1.27   (0.51--3.21)
  A                        91               (74.59)              95        (83.33)     --        --            --                          1.00                            48             (75.00)     38        (79.17)       --        --           --   1.00              

χ^2^, chi-square value; 95% CI, 95% confidence interval; ASD, Autism spectrum disorder; df, degrees of freedom; OR, odds ratio; *p* (1), *p* value in two-sided chi-square test; *p* (2), *p* value in two-sided Fisher's exact test.
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###### 

Analysis of the *TF, TFR* and *HAMP* SNPs association with ASD and insomnia (AIS ≥ 6) using genetic inheritance models in individuals with ASD and insomnia (AIS ≥ 6).

  Polymorphism             ASD (*n* = 61), *n* (%)   Non-ASD (*n* = 57), *n* (%)   *p*   OR (95% CI)   ASD + Insomnia (*n* = 32), *n*(%)   ASD + Non-Insomnia (*n* = 24), *n*(%)   *p*             OR (95% CI)                                                    
  ------------------------ ------------------------- ----------------------------- ----- ------------- ----------------------------------- --------------------------------------- --------------- ------------- --------- ---------- --------- ---------- ------ ---------------
  *TF* rs1049296 C\>T                                                                                                                                                                                                                                             
  Genetic model                                                                                                                                                                                                                                                   
  Co-dominant                                                                                                                                                                                                                                                     
  T/T                      0                         (0.00)                        1     (2.27)        \>0.9999                            0.00                                    (0.00--9.66)    0             (0.00)    0          (0.00)    NA         NA     
  C/C                      41                        (100.00)                      43    (97.73)       --                                  1.00                                    22              (100.00)      16        100.00)    --        --                
  C/T                      20                        (32.79)                       13    (23.21)       0.3057                              1.61                                    (0.69--3.75)    10            (31.25)   8          (33.33)   \>0.9999   0.91   (0.28--2.59)
  C/C                      41                        (67.21)                       43    (76.79)       --                                  1.00                                    22              (68.75)       16        (66.67)    --        1.00              
  Dominant                                                                                                                                                                                                                                                        
  T/T+C/T                  20                        (32.79)                       14    (24.56)       0.4164                              1.50                                    (0.65--3.35)    10            (31.25)   8          (33.33)   \>0.9999   0.91   (0.28--2.59)
  C/C                      41                        (67.21)                       43    (75.44)       --                                  1.00                                    22              (68.75)       16        (66.67)    --        1.00              
  Recessive                                                                                                                                                                                                                                                       
  T/T                      0                         (0.00)                        1     (1.75)        0.4831                              0                                       (0.00--8.41)    0             (0.00)    0          (0.00)    NA         NA     
  C/T+C/C                  61                        (100.00)                      56    (98.25)       --                                  1.00                                    32              (100.00)      24        (100.00)   --        --                
  Over-dominant                                                                                                                                                                                                                                                   
  C/T                      20                        (32.79)                       13    (22.81)       0.3050                              1.65                                    (0.71--3.83)    10            (31.25)   8          (33.33)   \>0.9999   0.91   (0.28--2.59)
  T/T+C/C                  41                        (67.21)                       44    (77.19)       --                                  1.00                                    22              (68.75)       16        (66.67)    --        1.00              
  *TF* rs3811647 G\>A                                                                                                                                                                                                                                             
  Genetic model                                                                                                                                                                                                                                                   
  Co-dominant                                                                                                                                                                                                                                                     
  A/A                      5                         (18.52)                       6     (19.35)       \>0.9999                            0.95                                    (0.27--3.26)    3             (20.00)   2          (20.00)   \>0.9999   1.00   (0.17--6.62)
  G/G                      22                        (81.48)                       25    (80.65)       --                                  1.00                                    12              (80.00)       8         (80.00)    --        1.00              
  G/A                      34                        (60.71)                       26    (50.98)       0.3354                              1.49                                    (0.70--3.25)    17            (58.62)   14         (63.64)   0.7780     0.81   (0.28--2.61)
  G/G                      22                        (39.29)                       25    (49.02)       --                                  1.00                                    12              (41.38)       8         (36.36)    --        1.00              
  Dominant                                                                                                                                                                                                                                                        
  A/A+G/A                  39                        (63.93)                       32    (56.14)       0.4532                              1.39                                    (0.68--2.86)    20            (62.50)   16         (66.67)   0.7853     0.83   (0.30--2.51)
  G/G                      22                        (36.07)                       25    (43.86)       --                                  1.00                                    12              (37.50)       8         (33.33)    --        1.00              
  Recessive                                                                                                                                                                                                                                                       
  A/A                      5                         (8.20)                        6     (10.53)       0.7570                              0.76                                    (0.24--2.83)    3             (9.37)    2          (8.33)    \>0.9999   1.14   (0.22--6.82)
  G/A+G/G                  56                        (91.80)                       51    (89.47)       --                                  1.00                                    29              (90.63)       22        (91.67)    --        1.00              
  Over-dominant                                                                                                                                                                                                                                                   
  G/A                      34                        (55.74)                       26    (45.61)       0.3570                              1.5                                     (0.71--3.02)    17            (53.13)   14         (58.33)   0.7889     0.81   (0.28--2.26)
  A/A+G/G                  27                        (44.26)                       31    (54.39)       --                                  1.00                                    15              (46.87)       10        (41.67)    --        1.00              
  *TFR* rs7385804 A\>C                                                                                                                                                                                                                                            
  Genetic model                                                                                                                                                                                                                                                   
  Co-dominant                                                                                                                                                                                                                                                     
  C/C                      10                        (31.25)                       16    (50.00)       0.2028                              0.46                                    (0.17--1.29)    7             (36.84)   3          (25.00)   0.6972     1.75   (0.38--7.46)
  A/A                      22                        (68.75)                       16    (50.00)       --                                  1.00                                    12              (63.16)       9         (75.00)              1.00              
  A/C                      29                        (56.86)                       25    (60.98)       0.8316                              0.84                                    (0.36--1.90)    13            (52.00)   12         (57.14)   0.7736     0.81   (0.27--2.82)
  A/A                      22                        (43.14)                       16    (39.02)       --                                  1.00                                    12              (48.00)       9         (42.86)    --        1.00              
  Dominant                                                                                                                                                                                                                                                        
  C/C+A/C                  39                        (63.93)                       41    (71.93)       0.4314                              0.69                                    (0.33--1.51)    20            (62.50)   15         (62.50)   \>0.9999   1.00   (0.32--2.96)
  A/A                      22                        (36.07)                       16    (28.07)       --                                  1.00                                    12              (37.50)       9         (37.50)    --        1.00              
  Recessive                                                                                                                                                                                                                                                       
  C/C                      10                        (16.39)                       16    (28.07)       0.1819                              0.50                                    (0.20--1.23)    7             (21.87)   3          (12.50)   0.4892     1.96   (0.43--7.57)
  A/C+A/A                  51                        (83.61)                       41    (71.93)       --                                  1.00                                    25              (78.13)       21        (87.50)    --        1.00              
  Over-dominant                                                                                                                                                                                                                                                   
  A/C                      29                        (47.54)                       25    (43.86)       0.7150                              1.16                                    (0.55--2.32)    13            (40.62)   12         (50.00)   0.5899     0.68   (0.24--1.93)
  C/C+A/A                  32                        (52.46)                       32    (56.14)       --                                  1.00                                    19              (59.38)       12        (50.00)    --        1.00              
  *HAMP* rs10421768 A\>G                                                                                                                                                                                                                                          
  Genetic model                                                                                                                                                                                                                                                   
  Co-dominant                                                                                                                                                                                                                                                     
  G/G                      4                         (10.53)                       1     (2.50)        0.1948                              4.59                                    (0.69--57.36)   3             (13.64)   1          (6.25)    0.6245     2.37   (0.32--32.56)
  A/A                      34                        (89.47)                       39    (97.50)       --                                  1.00                                    19              (86.36)       15        (93.75)    --        1.00              
  A/G                      23                        (40.35)                       17    (30.36)       0.3265                              1.55                                    (0.72--3.26)    10            (34.48)   8          (34.78)   \>0.9999   0.99   (0.29--2.88)
  A/A                      34                        (59.65)                       39    (69.64)       --                                  1.00                                    19              (65.52)       15        (65.22)    --        1.00              
  Dominant                                                                                                                                                                                                                                                        
  G/G+A/G                  27                        (44.26)                       18    (31.58)       0.1863                              1.72                                    (0.84--3.71)    13            (40.62)   9          (37.50)   \>0.9999   1.14   (0.39--3.56)
  A/A                      34                        (55.74)                       39    (68.42)       --                                  1.00                                    19              (59.38)       15        (62.50)    --        1.00              
  Recessive                                                                                                                                                                                                                                                       
  G/G                      4                         (6.56)                        1     (1.75)        0.3657                              3.93                                    (0.61--48.83)   3             (9.37)    1          (4.17)    0.6273     2.38   (0.33--32.08)
  A/G+A/A                  57                        (93.44)                       56    (98.25)       --                                  1.00                                    29              (90.63)       23        (95.83)    --        1.00              
  Over-dominant                                                                                                                                                                                                                                                   
  A/G                      23                        (37.70)                       17    (29.82)       0.4377                              1.42                                    (0.67--3.17)    10            (31.25)   8          (33.33)   \>0.9999   0.91   (0.28--2.59)
  G/G+A/A                  38                        (62.30)                       40    (70.18)       --                                  1.00                                    22              (68.75)       16        (66.67)    --        1.00              

χ^2^, chi-square value; 95% CI, 95% confidence interval; ASD, Autism spectrum disorder; df, degrees of freedom; OR, odds ratio; *p*, *p* value in two-sided Fisher's exact test.
